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tionai electrophotographic technology, it is difficult to re- 
duce the physical size of equipment because there are 
so many processing steps in printing operation. In addi- 
tion, image misalignment and mixing of different colors 
can occur because the different colors are overlaid with 
one another on a single photosensitive drum. Although 
the problems of the electrophotographic technology 
may potentially be solved by ink-jet recording technolo- 
gy, in which ink is squirted without mechanical contact, 
it is difficult to improve image resolution and achieve 
high speed recording because a nozzle is used for 
squirting ink. A recording system of the present inven- 
tion employs a recording unit which comprises original 
image illuminating means for projecting light on an orig- 
inal to form an original image, optical means, and a print 
head which squirts ink when exposed to light wherein 
the optical means guides the light incident from the orig- 
inal Image illuminating means onto the print head The 
recording system thus constructed enables high-defini- 
tion and high-quality image reproduction. 
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Description 

The present invention relates to recording systems 
and recording units employed in recording systems for 
obtaining output images on recording paper that can 
meet a wide variety of needs of not only the printing in- 
dustry in which high-speed output of high-quality images 
is required, but also of the printer industry oriented to- 
ward office and personal use requirements, and of the 
commercial equipment industry demanding inexpen- 
sive, general-purpose output devices which utilize ver- 
satile types of recording paper. 

One known example of conventional color copying 
machines is a system shown in FIG. 16, which is based 
on color copying technology utilizing an electrophoto- 
graphic process. According to this method, a DC-driven 
corona charger 102 uniformly places a positive electric 
charge by corona discharge on a surface of a photosen- 
sitive drum 1 01 in a case where the photosensitive drum 
101 is formed of a p-lype semiconductor, such as amor- 
phous selenium or an amorphous selenium-tellurium al- 
loy, for example. Then, a light beam produced by an ex- 
posure lamp 117 scans across a document glass plate 
115, reflected light is passed through a fitter 103 and a 
lens 104 to form an optical recording image in a color 
complementary to red, for example, and this optical re- 
cording image is projected onto the photosensitive drum 
101 to form thereon an electrostatic latent image in the 
complementary color of red. This electrostatic latent im- 
age is developed into a visual image in red by a red toner 
developing unit 105. 

Next, the electrostatic charge on the surface of the 
photosensitive drum 101 is eliminated by an AC-driven 
corona charge eliminating charger 113 and the photo- 
sensitive drum 101 is idled with a transfer charger 106, 
an AC-driven separation corona charger 107 and a 
cleaning blade unit 108 set in an OFF state. The DC- 
driven corona charger 102 places again a positive elec- 
tric charge on the surface of the photosensitive drum 
101 , an electrostatic latent image is formed by an optical 
recording image in a color complementary to yellow, and 
a visual image in yellow is developed by a yellow toner 
developing unit 109. Lastly, an optical recording image 
in a color complementary to blue is projected and a blue 
toner developing unit 110 develops a visual image in 
blue in a similar way. At this point, the photosensitive 
drum 101 carries on its surface a full-color visual image 
composed of red, yellow and blue components. Subse- 
quently, the transfer charger 106 causes the full-color 
image to be transferred onto a recording medium 111 
such a9 recording paper and the AC-driven separation 
corona charger 107 peel the recording medium 111 off 
the photosensitive drum 101 . The recording medium 111 
thus separated is passed through a thermal fixing unit 
1 1 2 to produce a permanently fixed image and delivered 
onto an output tray 1 1 6. On the oth r hand, the electro- 
static charg on r skJual toner left on the surface of the 
photosensitive drum 1 01 is eliminated by the AC-driven 



corona charge eliminating charg r 113, and the photo- 
sensitive drum 101 is cleaned by the cleaning blade unit 
108. Further, residual charges left on the surface of the 
photosensitive drum 101 are removed by an erase lamp 
5 1 1 4 in preparation for a succeeding color copying cycle. 
Problems that have been encountered with the 
color copying technology based on the conventional 
electrophotographic approach are as follows: 

io (1 ) There are so many processing steps in printing 
operation that it is difficult to reduce the physical 
size of a system. 

(2) Since images in different colors are overlaid with 
one another on a single photosensitive drum, image 
1$ misalignment and mixing of the different colors can 
occur. 

Although copying machines based on Ink-jet re- 
cording technology which can solve problem (1) of the 
20 aforementioned electrophotographic approach are 
available, the conventional ink-jet recording technology 
has been associated with the following problems: 

(1) It is difficult to improve image resolution since a 
25 nozzle is used for sprayhg ink. 

(2) The ink-jet recording technology can be divided 
into two types; these are continuous type and on- 
demand type. The continuous type provides a high 
recording speed, but system simplification is diffi- 

30 cult due to the need for recovering unused ink. Con- 
trarily, although system construction is simplified in 
the on-demand type, it is difficult to achieve a high 
recording speed. 

36 SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide 
recording units which are capable of producing high-res- 
olution, high-quality printouts at a high speed on record- 
40 lng media of arbitrary forms without mechanical contact 
as well as recording systems employing such recording 
units. 

In a general aspect, this invention provides a re- 
cording unit comprising original image illuminating 

*s means for projecting light on an original to form an orig- 
inal image, optical means, and a print head which is 
such that, when an area thereof is exposed to a light 
beam, ink is ejected from that area, wherein said optical 
means guides the li$rt incident from said original image 

so illuminating means onto said print head. 

To solve the aforementioned problems, a recording 
unit of the invention employs a construction comprising 
at least original image illuminating means for projecting 
light on an original to obtain an original image, optical 

ss means, and a print head which squirts ink when exposed 
to light, wh reinth optical means guides th light inci- 
dent from the original imag illuminating means onto the 
print head. 
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In another construction, a recording unit of the in- 
vention comprises entire original image illuminating 
means for projecting light on the whole f an original to 
obtain an original image, optical means for focusing the 
original image obtained by the entire original image illu- 
minating means, a light control plate having a slit for con- 
trolling a light transmitting area which allows a portion 
of the original image focused by the optical means to 
pass through, and a print head which squirts ink when 
exposed to light, wherein the light which has passed 
through the light control plate is guided onto the print 
head 

In still another construction, a recording unit o» the 
invention comprises slitlike original image illuminating 
means for projecting light on a slitlike portion of an orig- 
inal to obtain an original image, optical means for focus- 
ing the original image obtained by the slitlike original im- 
age illuminating means, a print head which squirts ink 
when exposed to light, wherein the light focused by the 
optical means is guided onto the print head 

In yet another construction, a recording unit of the 
invention comprises original image illuminating means 
for projecting light on an original to obtain an original 
image, optical means for focusing the original image ob- 
tained by the original image illuminating means, optical 
sensing means for detecting light of the original image 
focused by the optical means and performing photoe- 
lectric conversion, light projecting means for projecting 
light based on an output signal of the optical sensing 
means, and a print head which squirts ink in accordance 
with the light incident from the light projecting means. 

A recording unit of the invention capable of output- 
ting color image pixels employs a construction compris- 
ing original image illuminating means for projecting light 
on an original to obtain an original image, optical means 
for focusing the original image obtained by the original 
image illuminating means, color separation means for 
separating light from the original image or a focused light 
thereof into different colors, and print heads which squirt 
inks when exposed to light, the print heads being pro- 
vided at least with such inks that correspond to the 
colors separated by the color separation means, where- 
in individual portions of light separated by the color sep- 
aration means are guided onto the print heads corre- 
sponding to those separated portions of light 

A recording system of the invention employs a con- 
struction comprising at least one of the above-described 
recording units, paper feeding means for feeding re- 
cording paper to the print head, an image processing 
circuit for processing image data, and a controller for 
controlling the recording unit, the paper feeding means 
and the image processing circuit 

Before describing modes of working of recording 
units and recording systems of the present invention, 
constructions of print heads used in the recording units 
and the recording systems as well as constructions of 
text/graphics printing units employing th print heads 
are explained. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be 
described with reference to the accompanying drawings 
s in which: 



FIG. 1 is a diagram showing one embodiment of a 

first construction of a text/graphics printing unit 

used in a recording unit of the invention; 

FIG. 2 is a diagram showing one embodiment of a 

second construction of a text/graphics printing unit 

used in a recording unit of the invention; 

FIG. 3 is a diagram showing one embodiment of a 

third construction of a text/graphics printing unit 

used in a recording unit of the invention; 

FIG. 4 is a diagram showing one embodiment of a 

fourth construction of a text/graphics printing unit 

used in a recording unit of the invention; 

FIG. 5 is a diagram showing construction of a text/ 

graphics recording unit of the invention; 

FIG. 6 is a diagram showing mode of working of unit 

of the invention; 

FIG. 7 is a diagram showing one embodiment of a 
first construction of a recording unit of the invention; 
FIG. 8 is a diagram showing one embodiment of a 
second construction of a recording unit of the inven- 
tion; 

FIG. 9 is a diagram showing a first embodiment of 
a third construction of a recording unit of the inven- 
tion; 

FIG. 1 0 is a diagram showing a second embodiment 
of a third construction of a recording unit of the in- 
vention; 

FIG. 11 is a diagram showing one embodiment of a 
first construction of a color recording unit of the in- 
vention; 

FIG. 12 is a diagram showing one embodiment of a 
second construction of a color recording unit of the 
invention; 

FIG. 1 3 is a diagram showing one embodiment of a 
third construction of a color recording unit of the in- 
vention; 

FIG. 14 is a diagram showing one embodiment of a 
fourth construction of a color recording unit of the 
invention; 

FIG. 15 Is a diagram showing one embodiment of a 
recording tern employing a recording unit or a color 
recording unit of invention; and 
FIG. 16 is a diagram showing one example of a con- 
struction of a color copying machine utilizing a con- 
ventional electrophotographic process. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first construction of a text/graphics printing unit 
comprises a print head composed of a transparent elec- 
trode formed on a transparent substrate, a photocon- 
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ductive film formed on the transparent lectrode and 
means for f eding ink ont the photoconductive film, a 
facing electrode located with a sufftci ntclearanc kept 
from the means for feeding the ink to albw recording 
paper to be inserted, and a power source for applying a 
voltage between the transparent electrode and the fac- 
ing electrode. 

FIG. 1 is a diagram showing one embodiment of the 
first construction of the text/graphics printing unit. Re- 
ferring to FIG. 1 . the power source 3 applies a voltage 
between the transparent electrode 2 (the transparent 
substrate is not illustrated) and the facing electrode 1, 
and light 5 is projected in the direction of an arrow 7 from 
behind the transparent electrode 2 onto the photocon- 
ductive film 4 in this condition. As a result the resistance 
of the photoconductive film 4 drops in its illuminated ar- 
ea, causing a photoelectric current to flow through the 
illuminated area Then, the illuminated area of the pho- 
toconductive film 4 electrically conducts and establishes 
a channel between the facing electrode 1 and the trans- 
parent electrode 2. As an electric charge accumulates 
in ink 6 existing within the illuminated area of the pho- 
toconductive film 4, the ink 6 is squirted toward the fac- 
ing electrode 1 due to the Coulomb force. 

Materials usable for forming the photoconductive 
film 4 include inorganic photoconductors such as pho- 
toconductive monocrystal substances consisting es- 
sentially of selenium (Se), cadmium sulfide (CdS) or 
zinc oxide (ZnO) or BSO (B^gSOgo), Mype r pi-type or 
pin-type hydrogenated amorphous silicon, and layer- 
built organic photoconductors based on CTUCGL or 
CTL/CGG structure, for instance. What is important for 
the photoconductive film 4 is its photoconductivity, and 
it is preferable that a reduction in incident light intensity 
causes a large variation in surface potential. The afore- 
mentioned inorganic photoconductors and organic pho- 
toconductors have dark resistivity ranging from 10 9 to 
10 14 O •cm. When the photoconductive film 4 is illumi- 
nated, its resistivity drops to a range of 10 6 to 10 11 Q • 
cm so that the photoelectric current flows through the 
illuminated area. Needless to say, the resistivity of the 
photoconductive film 4 and variation in its resistivity 
caused by exposure to light differ depending on used 
materials and the construction of the photoconductive 
film 4. It is preferable that the photoconductive film 4 has 
a thickness between 1 0 and 50 ujm. Regarding electrical 
characteristics, it is required that the photoconductive 
film 4 has high resistivity in dark places and has high 
sensitivity and high-speed response to incident light. 
These requirements are satisfied by the aforementioned 
photoconductors. 

In a case where hydrogenated amorphous silicon 
is used for forming the photoconductive film 4, its dark 
resistivity ranges from 10 9 to 10 11 ft • cm and the resis- 
tivity can drop to a range of 10* to 10 6 Q •cm when the 
photoconductiv film 4 is illuminated. It is th reforepos- 
sibl to achiev a large variation in surface potential. 
While it goes without saying that the dark resistivity of 



th photoconductive film 4 increases with an increase 
in its thickness, th film thickness should be 50 um or 
less, preferably between about 20 to 30 urn This is be* 
cause resolution drops at thicknesses beyond a range 
s of 20 to 1 00 um. It is preferable to use i-type hydrogen- 
ated amorphous silicon, from which impurity elements 
have been removed, in order to attain high dark resis- 
tivity and achieve high-resolution squ irting of ink by min- 
imizing the spreading of electric charge in directions par- 
fa allel to the surface of the photoconductive film 4. 

In this embodiment, the electric charge is placed to 
the ink 6 by illuminating the photoconductive film 4. and 
the amount of this electric charge is determined by the 
diameter of a projected light beam, projected light inten- 
ts sity and pulse width of the projected light. The larger the 
diameter of the projected light beam, the larger the 
aforementioned illuminated area of the photoconductive 
film 4, resulting in an increase in the amount of accumu- 
lated electric charge. Also an increase in the projected 
20 light intensity causes a greater resistivity decrease in 
the photoconductive film 4. This enables the photoelec- 
tric current to more easily flow through the photocon- 
ductive film 4, resulting in an increase in the amount of 
accumulated charge. The amount of accumulated 
25 charge can also be increased by increasing the pulse 
width of the projected light 

In the text/graphics printing unit of the invention, it 
is possible to achieve a high ink squirting speed by con- 
trolling the amount of electric charge accumulated \n the 
30 ink 6. It is also possible to vary the ink squirting speed 
depending on the type of recording medium. 

Materials usable for forming the transparent elec- 
trode 2 include indium tin oxide (1TO), electrically con- 
ductive polymers, a thin metallic film which is sufficiently 
3S thin to allow light of pass through (e.g. , a thin aluminium 
film having a thickness of 0.0 jim), as well as zinc oxide 
(ZnO), tin oxide (Sn02) and a compound thereof. Ma- 
terials usable for forming the facing electrode 1 include 
high-conductivity metal materials, such as aluminium, 
40 copper and gold. 

The source voltage applied between the transpar- 
ent electrode 2 and the facing electrode 1 falls within a 
range of 500 V to 4 kV. An appropriate level of the ap- 
plied voltage varies depending on such factors as the 
4$ electric conductivity of the ink 6, the material used in the 
photoconductive film 4, and the distance between the 
transparent electrode 2 and the facing electrode 1 . Al- 
though it is needless to say, at least theoretically, that 
reversal of polarity of the power source 3 does not cause 
so any effects, the facing electrode 1 should preferably be 
used as a positive electrode. This is because many 
types of ink are inclined to be charged negatively, rather 
than positively. 

Future advances in materials used in individual con- 
ss stituent components may make it possible to use a 
source voltage of 50 V or less. Accordingly, the source 
voltage used in this text/graphics printing unit is not lim- 
ited to the range of 500 V to 4 kV. 
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Although a semiconductor laser is used as a light 
sourc ofthelight5,thellghtsourceisnot limit dthereto 
as long as it can emit light compatible with the optical 
wavelength of the photoconductiv film 4. A helium-ne- 
on laser, a semiconductor laser array, a light emitting 
diode (LED) array and a halogen lamp, for example, are 
also well suited for use as the light source. 

Physical properties of the ink 6 that are influential 
on the ink squirting ability include surface tension, vis- 
cosity and electric conductivity. Provided that the elec- 
tric conductivity and viscosity are constant, the surface 
tension and a maximum squirting distance of the ink 6 
(this distance is hereinafter referred to as the maximum 
recordable distance) has the following relation: the max- 
imum recordable distance increases as the surface ten- 
sion decreases within a surface tension range of 20 to 
50 dyn/cm. It would be understood that the smaller the 
surface tension, the smaller the resisting force exerted 
in an ink squirting process. This means that it is possible 
to eject a stream of ink even with a weak electric field 
so that the maximum recordable distance can be in- 
creased with smaller surface tension levels. Generally, 
water-based ink has a higher surface tension. Com- 
pared to the surface tension of pure water, which is 72.8 
dyn/cm at 20 D C, the surface tension of organic solvents 
ranges from 20 dyn/cm to 35 dyn/cm. Ink produced by 
dissolving a dye in an organic solvent is suited for used 
as the ink 6. Further, it is possible to increase the max- 
imum recordable distance of the ink 6 by improving its 
surface tension. More specifically, this is achieved by 
solving such surface-active agent asan anionic surface- 
active agent, a cationic surface-active agent, or a non- 
ionic surface-active agent in the ink 6. 

While the viscosity of ink solvent can be chosen 
from a wide range, a solvent having a low viscosity re- 
sults in poor shelf stability. To ensure acceptable shelf 
stability, a solvent having a boiling point of 200°C or 
above should therefore be selected. Provided that the 
surface tension and electric conductivity are constant, 
the viscosity and the maximum recordable distance has 
the following relation: the maximum recordable distance 
increases as the viscosity decreases. Accordingly, the 
resisting force exerted in the ink squirting process de- 
creases, making it possible to increase the maximum 
recordable distance, when the viscosity is low in a sim- 
ilar way to what has been discussed with regard to the 
surface tension. 

II is preferable that the electric conductivity of the 
ink 6 is low as it is necessary to place an electric charge 
from the photoconductive film 4 to the ink 6 for squirting 
the ink 6. If, however, the electric conductivity is too low, 
the electric charge accumulated in the ink 6 dissipates 
within the ink 6 before the electric charge reaches an 
ink meniscus at the forward end, making it impossible 
to eject a burst of ink. The electric conductivity of the ink 
6 Is therefore set to 2x1 0" 7 or I ss. 

Needless to say. optimum ranges of ink properties, 
such as the surface tension, viscosity and electric con- 



ductivity, are not limited to the aforementioned settings. 
This is because characteristics of the light source of th 
light 5, the voltage applied between the transparent 
electrode 2 and the facing electrode 1 , the distance be- 

5 tween the transparent electrode 2 and the facing elec- 
trode 1, and the width of a slit of a later-described slit 
plate 8 also determines whether the burst of ink can be 
successfully ejected. 

A second construction of a text/graphics printing 

io unit comprises a print head composed of a transparent 
electrode formed on a transparent substrate, a photo- 
conductive film formed on the transparent electrode, 
means for feeding ink onto the photoconductive film and 
a slit plate having a slit for controlling a burst of ink; a 

is facing electrode located with a sufficient clearance kept 
from the means for feeding the ink to allow recording 
paper to be inserted, and a power source for applying a 
voltage between the transparent electrode and the fac- 
ing electrode. 

20 FIG . 2 is a diagram showing one embodiment of the 
second construction of the text/graphics printing unit. 
Fleferring to FIG. 2, the power source 3applies a voltage 
between the transparent electrode 2 and the facing elec- 
trode 1, and light 5 is projected in the direction of an 

*s arrow 7 from behind the transparent electrode 2 onto 
the photoconductive film 4 in this condition. As a result, 
the resistance of the photoconductive film 4 drops in its 
illuminated area, causing a photoelectric current to flow 
through the illuminated area. Then, the illuminated area 

30 of the photoconductive film 4 electrically conducts and 
establishes a channel between the facing electrode 1 
and the transparent electrode 2. As an electric charge 
accumulates in ink 6 on the photoconductive film 4, the 
ink 6 is squirted toward the facing electrode 1 due to the 

35 Coulomb force, in which the amount of ink and its squirt- 
ing direction is controlled by the slit plate 8. In this ink 
squirting process, the width of the slit formed in the slit 
plate 8 determines a maximum value of static ink pres- 
sure at an ink nozzle, while the ink 6 under the static 

40 pressure forms a semi-lunar protruding surface, or a 
meniscus, at the ink nozzle and this determines the 
amount of ink supply. A reduction in the slit width results 
in a reduction in the curvature of the meniscus and a 
consequent increase in the Coulomb force which caus- 
es es a burst of the ink 6. This means that the recording 
performance is Improved as the slit width becomes 
smaller. Accordingly, the width of the slit formed in the 
slit plate 8 should preferably be about 100 um or less, 
at which the ink 6 can be supplied without problems. 

so Should the ink 6 spill over the slit plate 8, the spilled 
ink 6 would leap toward the facing electrode 1, and it 
would become difficult to further form desired image pix- 
els. It is therefore required to use a material having a 
large contact angle against the ink 6 and dielectric prop- 

ss erties for forming the slit plate 8. It is possible to achieve 
a proper contact angle and prevent the aforementioned 
erratic phenomenon at an appropriate static pressure of 
the ink 6 by using a fl uororesin for producing the slit plate 
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8, r by treating the surface of the slit plate 8 formed of 
glassorceramicsbytheus ofasilan c upllngag nt. 
Furthermore, provision of the slit plate 8 makes it pos- 
sible to control the squirting direction of the ink 6 and 
stabilize the amount of squirted ink and the ink squirting 
speed. Moreover, concentrating efficiency of the ink 6 
can be increased and energy required for producing a 
burst of ink can be saved by controlling the curvature of 
the meniscus. 

A third construction of a text/graphics printing unit 
comprises a print head composed of a transparent elec- 
trode formed on a transparent substrate, a photocorv 
ductive film mounted on the transparent electrode, the 
photoconductive film having a projection formed of a 
wall for controlling a burst of ink and means for feeding 
ink into the projection on the photoconductive film, a fac- 
ing electrode located with a sufficient clearance kept 
from a foremost end of the projection to allow recording 
paper to be inserted, and a power source for applying a 
voltage between the transparent electrode and the fac- 
ing electrode. 

Fl G. 3 is a diagram showing one embodiment of the 
third construction of the text/graphics printing unit. Re- 
ferring to FIG. 3, the power source 3 applies a voltage 
between the transparent electrode 2 and the facing elec- 
trode 1 , and light 5 is projected in the direction of an 
arrow 7 from behind the transparent electrode 2 onto an 
area corresponding to the projection of the photocon- 
ductive film 9 in this condition. As a result, the resistance 
of the photoconductive film 9 having the projection drops 
in its illuminated area, causing a photoelectric current to 
flow through the illuminated area Then, the illuminated 
area of the photoconductive film 9 having the projection 
electrically conducts and establishes a channel be- 
tween the facing electrode 1 and the transparent elec- 
trode 2. As an electric charge accumulates in ink exist- 
ing within the projection 6 of the photoconductive film 9, 
the ink is squirted toward the facing electrode 1 due to 
the Coulomb force, in which the amount of ink and its 
squirting direction is controlled by the projection 6 
formed on the photoconductive film 9. In this ink squirt- 
ing process, the projection formed on the photoconduc- 
tive film 9 plays the same role as the aforementioned 
second construction of the text/graphics printing unit. 
The projection integrally formed on the photoconductive 
film 9 can serve the same function as the slit plate 8 
described above, and this arrangement enables reduc- 
tions in production costs and physical size. It is prefer- 
able that the projection on the photoconductive film is 
formed of a dielectric material as is the case with the 
aforementioned slit plate 8. 

A text/graphics printing unit of a fourth construction 
comprises ink accelerating means for accelerating 
squirted ink in addition to the provision of the text/graph- 
ics printing unit of the already described first, second or 
third construction. 

FIG. 4 is a diagram showing one mbodim ntofthe 
fourth construction of th text/graphbs printing unit Re- 



ferring to FIG. 4, the power source 3 applies a voltage 
betw en the transparent lectrode 2 and the facing elec- 
trode 1. and light 5 is projected in the direction of an 
arrow 7 from behind the transparent electrode 2 onto 

5 the photoconductive film 4 in this condition. As a result, 
the resistance of the photoconductive film 4 drops in its 
illuminated area, causing a photoelectric current to flow 
through the illuminated area. Then, the illuminated area 
of the photoconductive film 4 electrically conducts and 

10 establishes a channel between the facing electrode 1 
and the transparent electrode 2. As an electric charge 
accumulates in ink 6 on the photoconductive film 4, the 
ink 6 is squirted in the direction of an arrow 13 due to 
the Coulomb force and then accelerated by accelerating 

1$ means 1 4 toward the facing electrode 1 . The accelerat- 
ing means 14 of this embodiment serves to increase the 
speed of squirted ink 12. In adoption, the amount of en- 
ergy supplied to the photoconductive film 4 can be re- 
duced by controlling the voltage applied for squirting the 

20 ink 6 and input light energy. The accelerating means 14 
may be formed of a material having good electrical con- 
ductivity, such as aluminium, copper or gold, a capacitor 
composed of a pair of flat plates, or a cylindrical-shaped 
or other tubular object having a closed end. In this em- 

2S bodiment, a voltage is applied to the accelerating means 
1 4 from a terminal of the power source 3 that is connect- 
ed to the facing electrode 1 via a resistor. The arrange- 
ment for applying the voltage to the accelerating means 
14 is not Dmited to this, however As an example, the 

30 electric potential difference between the transparent 
electrode 2 and the accelerating means 14 may be 
made larger than that between the transparent elec- 
trode 2 and the facing electrode 1. An actual arrange- 
ment is determined depenolng on the amount of the 

35 squirted ink 1 2 and the distance between the accelerat- 
ing means 1 4 and the ink 6, for example. It is also pos- 
sible to squirt the ink 6 by using the accelerating means 
1 4 alone if there is made provision lor switching the fac- 
ing electrode 1 as shown in FIG. 4. This configuration 

40 makes it possible to form the text/graphics printing unit 
of this embodiment as a single-piece, compact element 
Furthermore, as no voltage is applied to the facing elec- 
trode 1 in this alternative configuration, it is possible to 
prevent such a phenomenon that recording paper 10 is 

4& attracted by an electrostatic force, and the level of 
torque exerted by paper feeding means 11 can be re- 
duced. 

A fifth construction of a text/graphics printing unit is 
same as the text/graphics printing units of the first to 

so fourth constructions except that its print head and the 
text/graphics printing unit itself are formed into linear 
shapes of a width corresponding to the printing width of 
recording paper. 

FIG. 5 is a diagram showing one embodiment of the 

ss fifth construction of the text/graphics printing unit. Re- 
ferring to FIG. 5, the power source 3 applies a voltage 
between the transpar nt electrode 2 and th facing elec- 
trode 1 , and light 5 is projected h a linear pattern in the 
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direction of an arrow 7 from behind the transpar nt elec- 
trode 2 onto the photoconductive film 4 in this condition. 
As a result, the resistance of the photoconductive film 4 
drops in its illuminated area, causing a photoelectric cur- 
rent to flow through the illuminated area Then, the illu- s 
minated area of the photoconductive film 4 electrically 
conducts and establishes a channel between the facing 
electrode 1 and the transparent electrode 2. As an elec- 
tric charge accumulates in ink 6 on the photoconductive 
film 4, the ink 6 is squirted toward the facing electrode io 
1 due to the Coulomb force. 

The print heads and the text/graphics printing units 
of the first to fourth constructions are reconfigured into 
the linear shapes to adapt them to the text/graphics 
printing unit of this embodiment. With this arrangement, is 
the printable width matches the size of the recording pa- 
per and the recording speed is remarkably increased, 
enabling high-speed printing. 

In the filth construction of the text/graphics printing 
unit, the slit in the slit plate 8 of the second construction, 20 
the projection of the third construction or the accelerat- 
ing means of the fourth construction, whichever appli- 
cable, is formed to have an adequate length to produce 
the linear light-projecting pattern. 

Recording units and recording systems of the in- 2* 
vention employing the text/graphics printing units of the 
aforementioned constructions are now described below 
with reference to modes of carrying out the invention 
and embodiments thereof. It is to be noted, however, 
that usable print heads and textVgraphics printing units so 
are not limited to those cited in the following modes of 
carrying out the invention and the embodiments, but any 
of the aforementioned constructions may be employed. 

Modes of working of recording units of the present 
invention are now described below. 35 

Each of the recording units of the invention compris- 
es original image illuminating means for projecting light 
on an object to be recorded (or the original) to obtain its 
optical image, optical means, and a print head which 
ejects a burst of ink when exposed to light, wherein the 40 
optical image of the original is guided onto the print 
head 

FIG. 6 is a diagram showing the mode of working 
of a recording unit of the invention. 

Referring to FIG. 6, image pixels of the original 16 45 
are illuminated as the original image illuminating means 
15 projects light on the original 16. The image of the 
original illuminated by the original image illuminating 
means is focused by the optical means 1 7 and projected 
on the print head 1 8. An unillustrated power source ap- so 
plies a voltage set to a proper level to the print head 1 8, 
and projected light intensity is set to an appropriate lev- 
el. The print head 1 8 causes only such portion of ink that 
exists in its illuminated area, which corresponds to the 
original image, to be ejected by the above-described ss 
print head ink squirting process. The original image is 
reproduced as the ink is absorbed by recording paper 
10 and fixes thereto. 
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A halogen tamp can be used as the original image 
illuminating means 1 5 of this invention to mit light onto 
the original 1 6 and then project the obtained original im- 
age onto the print head 18. Electrical resistanc drops 
in only the illuminated area of the print head 1 8. 

Needless to say, it is possible to use other types of 
light source than the halogen lamp provided that the 
wave length of the light source is matched to the absorp- 
tion coefficient of the print head 18 to that wave length. 

Since the light corresponding to the original image 
is projected on the print head 18 by the original image 
illuminating means 15, the recording process employed 
in the recording unit of this invention is of a non-contact 
type and capable of high-speed processing. 

It is needless to say that the print head 1 8 employed 
in the recording unit may be any of the print heads or 
the text/graphics printing units of the aforementioned 
constructions. 

The recording units of the invention and the record- 
ing systems employing the recording units are now de- 
scribed in specific detail below. 

A first construction of a recording unit of the inven- 
tion comprises entire original image illuminating means 
for projecting light on the whole of an original to obtain 
its optical image, optical means for focusing the optical 
image of the original obtained by the entire original im- 
age illuminating means, a light control plate having a slit 
for controlling a light transmitting area which allows a 
portion of the optical image of the original focused by 
the optical means to pass through, and a print head 
which ejects a burst of ink when exposed to light. 

FIG. 7 is a diagram showing one embodiment of the 
first construction of the recording unit of the invention. 

Referring to FIG. 7, a whole original image is illumi- 
nated as the entire original image illuminating means 19 
projects light on the original 16. The whole original im- 
age illuminated by the entire original image illuminating 
means 1 9 is focused by the optical means 17 and en- 
tirely projected on the light control plate 20. The original 
image projected on the light control plate 20 is further 
projected on the print head 18, wherein the light trans- 
mitting area is determined by the slit width of the light 
control plate 20. A power source 3 applies a voltage set 
to a proper level between the print head 18 and a facing 
electrode 1 , and projected light intensity is set to an ap- 
propriate level. The print head 1 8 causes only such por- 
tion of ink that exists in its Illuminated area, which cor- 
responds to the original image, to be ejected by the 
aforementioned print head ink squirting process. Part of 
the original image is reproduced as recording paper 10 
is advanced by paper feeding means 11 tothe underside 
of the print head 1 8 and the ink Is absorbed by and fixes 
to one line segment on the recording paper 1 0, wherein 
the width of the line segment corresponds to the slit 
width of the light control plate 20. 

At this point, the voltage which has be n applied 
between the print head 1 8 and the facing lectrode 1 is 
eliminated, and the light control plate 20 and the print 
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head 18 are moved in Ih direction of an arrow 21 as 
much as the width of each successive lin segment with- 
out moving th recording paper 10. Th moving speed 
of the print head 18 is determined so that the period of 
time required for absorption and fixation of the ink on 
the recording paper 10 matches the timing of projecting 
the light on the print head 18. Subsequently, the power 
source 3 reapplies the voltage between the print head 
18 and the facing electrode 1 and the above-described 
process is repeated until the entire image of the original 
is reproduced on the recording paper 10. Finally, the 
voltage which has been applied to the print head 18 is 
eliminated, and the light control plate 20 and the print 
head 18 are driven In the direction of an arrow 22 to 
bring them back to their home positions. 

Needless to say, the embodiment may be so mod- 
ified that the light projected on the print head 1B is con- 
trolled by means of a mechanical shutter, an electronic 
shutter or a liquid crystal display (LCD) shutter while the 
power source 3 applies the voltage between the print 
head 1 8 and the facing electrode 1 . 

In this embodiment, the size of dots reproduced on 
the recording paper 10 is determined by the distance 
between the recording paper 10 and the print head 18, 
the voltage applied between the print head 18 and the 
facing electrode 1 , and the amount of ink held in the print 
head 18. 

If the distance between the recording paper 10 and 
the ink held by the print head 18 is too short in this em- 
bodiment, it may be difficult to smoothly insert the re- 
cording paper 10. or wrinkles of the recording paper 10 
may come in contact with the ink. If this distance is too 
long, squirted ink may fall due to gravitational forces, 
making it difficult to reproduce a desired image. In view 
of the foregoing, the distance between the recording pa- 
per 1 0 and the ink held by the print head 1 8 should pref- 
erably be 0.2 to 1 mm, most preferably about 0.5 mm. 

A detailed description of a light source used in the 
entire original image illuminating means 19 is omitted 
since the entire original image illuminating means 19 of 
this invention is essentially same as the aforementioned 
original image illuminating means 15. The light control 
plate 20 of this invention may be constructed with an 
opaque plastic film formed of polyethylene, nylon or 
polyimide, for instance, or a metal plate. The light trans- 
mitting area which allows a portion of the original image 
to pass through is determined by forming a slit in the 
plastic film or the metal plate. Needless to say, the tight 
control plate 20 may be integrally attached to a fight re- 
ceiving surface of the print head 18. The width of this 
slit is determined by ink squirting conditions of the print 
head 18. 

A second construction of a recording unit of the in- 
vention comprises slitlike original image illuminating 
means for projecting light on a slitlike portion of an orig- 
inal to obtain its optical image, optical m ans for focus- 
ing th optical image of the original obtained by the slit- 
like original image illuminating means, and a print head 



which ejects a burst of ink wh n xposed to light 

FIG . 8 is a diagram showing one mbodimentof the 
second construction of the recording unit of the inven- 
tion. 

5 Referring to FIG. 8, a siitlike portion of an original 
image is illuminated as the siitlike original image illumi- 
nating means 23 projects light on the original 16. The 
slitlike portion of the original image illuminated by the 
slitlike original image illuminating means 23 is focused 

10 by the optical means 1 7 and projected on the print head 
18. A power source 3 applies a voltage set to a proper 
level between the print head 18 and a facing electrode 
1, and projected light intensity is set to an appropriate 
level. The print head 18 causes only such portion of ink 

is that exists in fts illuminated area, which corresponds to 
the original image, to be ejected by the aforementioned 
print head ink squirting process. Part of the original im- 
age is reproduced as recording paper 10 is advanced 
by paper feeding means 11 to the underside of the print 

20 head 1 8 and the ink is absorbed by and fixes to one line 
segment on the recording paper 10, wherein the width 
of the line segment corresponds to the slit width of a light 
source of the siitlike original image illuminating means 
23. At this point, the voltage which has been applied be- 

25 tween the print head 18 and the facing electrode 1 is 
eliminated, and the paper feeding means 11 advances 
the recording paper 10 in the cfirection of an arrow 24 
as much as the width of each successive line segment. 
Also, the original 16 is moved in the direction of the ar- 

30 row 24 as much as the width of each line segment 

Since this embodiment is configured to project the 
light on each siitlike portion of the original 16, it is re- 
quired to relatively move the original 16 and the siitlike 
original image illuminating means 23. It is also required 

35 to relatively move the print head 18 and the recording 
paper 10. Accordingly, the invention is not limited to the 
above-described transport mechanism or movement 
mechanism, but any other configuration can be used as 
long as it is capable of guiding the optical image of the 

40 original 1 6 to the print head 1 8. 

In a configuration in which the print head 18 is 
moved relative to the recording paper 10, the relative 
moving speed is so determined that the period of time 
required for absorption and fixation of the ink on the re- 

4$ cording paper 10 matches the timing of projecting the 
light on the print head 18. Subsequently, the power 
source 3 reapplies the voltage between the print head 
18 and the facing electrode 1 and the above-described 
process is repeated until the entire image of the original 

50 is reproduced on the recording paper 10. Finally, the 
voltage which has been applied to the print head 18 is 
eliminated, and the print head 18 is driven in the direc- 
tion of an arrow 25 to bring it back to its home position. 
A fluorescent lamp, a light-emitting diode (LED) and 

55 other light sources having a linear shape, as well as a 
lin -shaped mirror for projecting light mltted by such 
light source in a linear pattern can b used to configure 
the slitlike original image illuminating means 23 of this 
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invention. The etit width of the light source used in the 
slitlike original image illuminating means 23 is deter- 
mined by ink squirting conditions of the print head 18. 

In this embodiment, the size of dots reproduced on 
the recording paper 10 is determined by the distance 
between the recording paper 10 and the print head 18, 
the voltage applied between the print head 18 and the 
facing electrode 1 f and the amount ol ink held in the print 
head 18. 

The distance between the recording paper 10 and 
the print head 1 8 in this embodiment should preferably 
comply with the conditions already stated with reference 
to Embodiment 1 above. 

A third construction of a recording unit of the inven- 
tion comprises original image illuminating means for 
projecting light on an original to oStain its optical image, 
optical means for focusing the optical image of the orig- 
inal obtained by the original image illuminating means, 
optical sensing means for detecting the optical image of 
the original focused by the optical means and perform- 
ing photoelectric conversion light projecting means for 
projecting light based on an output signal of the optical 
sensing means, and a print head which ejects a burst of 
ink in accordance with the light projected by the light 
projecting means. 

In this construction, elements of any constructions 
described with reference to Embodiment 1 and Embod- 
iment 2 can be used as the original image illuminating 
means and associated constituent elements. 

This is explained in specific details in the following 
discussion. 

A first embodiment of the third construction of the 
recording unit of the invention comprises entire original 
image illuminating means for projecting light on the 
whole of an original to obtain its optical image, optical 
means for focusing the optical image of the original ob- 
tained by the entire original image illuminating means, 
a light control plate having a slit for controlling a light 
transmitting area which allows a portion of the optical 
image of the original focused by the optical means to 
pass through, optical sensing means for detecting inci- 
dent light from the light control plate and performing pho- 
toelectric conversion, light projecting means for project- 
ing light based on an output signal ol the optical sensing 
means, and a print head which ejects a burst of ink in 
accordance with the light projected by the light project- 
ing means. 

FIG. 9 is a diagram showing the first embodiment 
of the third construction. 

Referring to FIG. 9, a whole original image is illumi- 
nated as the entire original image illuminating means 1 9 
projects light on the original 16. The whole original im- 
age illuminated by the entire original image illuminating 
means 19 is focused by the optical means 17 and en- 
tirely projected on the light control plate 20. The original 
image projected on the light control plat 20 is further 
projected on the optical s nsing means 26, wherein the 
light transmitting area is determined by the slit width of 



the light control plate 20. The optical sensing means 26 
converts the original image into an electric signal 
through a photoelectric conversion process, and this 
electric signal is sent to the light projecting means 27. 
s The light projecting means 27 projects light correspond- 
ing to the original image onto the print head 18. A power 
source 3 applies a voltage set to a proper level between 
the print head 1 8 and a facing electrode 1 , and projected 
light intensity is set to an appropriate leveL The print 
f o head 1 8 causes only such portion of ink that exists in its 
illuminated area, which corresponds to the original im- 
age, to be ejected by the aforementioned print head ink 
squirting process. Part of the original image is repro- 
duced as recording paper 10 is advanced by paper feed- 
's ing means 11 to the underside of the print head 1 8 and 
the ink is absorbed by and fixes to one line segment on 
the recording paper 1 0, wherein the width of the line seg- 
ment corresponds to the slit width of the light control 
plate 20. 

so At this point, the voltage which has been applied 
between the print head 18 and the facing electrode 1 is 
eliminated, and the paper feeding means 11 advances 
the recording paper 10 in the direction of an arrow 28 
as much as the width of each successive line segment 

& Also, the light control plate 20 is moved in the direction 
of the arrow 25 as much as the width of each line seg- 
ment without moving the optical sensing means 26. 

Since the image can be recorded if there is made 
provision for relatively moving the print head 18 and the 

30 recording paper 10, the invention is not limited to the 
above-described transport mechanism or movement 
mechanism. 

The relative speed between the print head 18 and 
the recording paper 1 0 is so determined that the period 
35 of time required for absorption and fixation of the ink 
squirted from the print head 18 onto the recording paper 
10 matches the timing of projecting the light on the print 
head 18. 

Subsequently, the power source 3 reapplies the 
40 voltage between the print head 18 and the facing elec- 
trode 1 and the above-described process is repeated 
until the entire image of the original is reproduced on the 
recording paper 10. Finally, the voltage which has been 
applied to the print head 18 is eliminated. 
45 in a case where a mechanism for moving the print 
head 18 is employed, the print head 18 is driven In the 
direction of an arrow 29 to bring It back to its home po- 
sition. 

A semiconductor laser can be used to configure the 
so light projecting means 27 of this invention : whereby light 
corresponding to the original image is projected on the 
print head 1 8. Laser light emitted from a laser oscillating 
device like a semiconductor laser may be pass through 
an optical lens of the light projecting means 27. for in- 
55 stance, to optimize projected light intensity, focused light 
beam pattern, and so on. Further, a laser light scanning 
system can be constructed by use of a polygon mirror, 

for instance. Although the semiconductor laser is used 
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as a light source of the light projecting means 27 in this 
embodiment, the light source is not limited thereto. A 
helium-neon laser, a semiconductor laser array, an LED 
array and a halogen lamp, for example, are also well 
suited for use as the light source, it is needless to say 
that an optical shutter array or an LCD television may 
be used instead of the aforementioned laser scanning 
optical system. 

An image sensor, such as a charge-coupled device 
(CCD) or a photodiode array (PDA), is usable as the op- 
tical sensing means 26 of this invention. Featuring both 
scanning and optical sensing functions, the image sen- 
sor performs a photoelectric conversion process. Since 
the optical sensing means 26 performs analog-to-digital 
conversion of an original image signal, it is possible to 
add a circuit which compensates for uneven illuminance 
due to a shading effect of the optical means 17 and for 
uneven sensitivity of the image sensor. Furthermore, the 
optical system can be made compact and lightweight as 
its construction is simpfified. 

A second embodiment of the third construction of 
the recording unit of the invention comprises slitlike orig- 
inal image illuminating means for projecting light on a 
slrtlike portion of an original to obtain its optical image, 
optical means for focusing the optical image of the orig- 
inal obtained by the 6litlike original image illuminating 
means, optical sensing means for detecting the optical 
image of the original focused by the optical means and 
performing photoelectric conversion, light projecting 
means for projecting light based on an output signal of 
the optical sensing means, and aprint head which ejects 
a burst of ink in accordance with the light projected by 
the light projecting means. 

FIG. 10 is a diagram showing the second embodi- 
ment of the third construction of the recording unit of the 
invention. 

Referring to FIG. 10, a slitlike portion of an original 
image is illuminated as the slitlike original image illumi- 
nating means 23 projects light on the original 16. The 
slitlike portion of the original image illuminated by the 
slitlike original image illuminating means 23 is focused 
by the optical means 17 and projected on the optical 
sensing means 25. The optical sensing means 26 con- 
verts pixels of the original image into an electric signal 
through a photoelectric conversion process, and this 
electric signal is sent to the light projecting means 27. 
The light projecting means 27 projects light correspond- 
ing to the original image onto the print head 1 8. A power 
source 3 applies a voltage set to a proper level between 
the print head 18 and a facing electrode 1 , and projected 
light intensity is set to an appropriate level. The print 
head 1 8 causes only such portion of ink that exists in its 
illuminated area, which corresponds to the original im- 
age, to be ejected by the aforementioned print head ink 
squirting process. Part of the original image is repro- 
duced as recording paper 10 is advanced by paper feed- 
ing means 11 to th undersid of the print head 1 8 and 
the ink is absorbed by and fixes to one line segment on 



the recording paper 10, wherein the width of th lines g- 
ment corresponds 1 the slit width of a light source of 
the slitlike original image illuminating means 23. At this 
point the voltage which has been applied between the 

s print head 18 and the facing electrode 1 is eliminated, 
and the paper feeding means 11 advances the recording 
paper 10 in the direction of an arrow 30 as much as the 
width of each successive line segment. Also, the original 
16 is moved in the direction of the arrow 30 as much as 

10 the width of each line segment. 

Since this embodiment is configured to project the 
light on each slitlike portion of the original 16, it is re- 
quired to relatively move the original 16 and the slitlike 
original image illuminating means 23. It is also required 

is to relatively move the print head 18 and the recording 
paper 10. Accordingly, the invention is not limited to the 
above-described transport mechanism or movement 
mechanism, but any other configuration can be used as 
long as it is capable of guiding the optical image of the 

20 original 16 to the print head 18 via the optical sensing 
means. 

The relative moving speed between the print head 
18 and the recording paper 10 is so determined that the 
period of time required for absorption and fixation of the 

2S ink squirted from the print head 18 onto the recording 
paper 10 matches the timing of projecting the li#it on 
the print head 18. 

Subsequently, the power source 3 reapplies the 
voltage between the print head 18 and the facing elec- 

30 trode 1 and the above-described process is repeated 
until the entire image of the original is reproduced on the 
recording paper 10. Finally, the voltage which has been 
applied to the print head 18 is eliminated. 

In a case where a mechanism for moving the print 

3S head 18 is employed, the print head 18 is driven in the 
cfirection of an arrow 31 to bring it back to its home po- 
sition. 

Described below is how the recording units of the 
present invention are implemented in color recording 
40 units. 

A color recording unit of the invention comprises 
original image illuminating means for projecting light on 
an original to obtain its optical image, optical means for 
focusing the optical image of the original obtained by the 

45 original image illuminating means, a color filter which 
serves as color separation means suitable for colors of 
the original image, and print heads which eject bursts of 
inks when exposed to light, the print heads being pro- 
vided with means for feeding colored Inks compatible 

so with colors of the color filter 

In the color recording unfts of the Invention, it is also 
possible to employ appropriate combinations of the orig- 
inal image illuminating means and their associated con- 
stituent elements, the print heads or the text/graphics 

ss printing units, and other constituent elements described 
in sections titled 'Modes of Carrying Out the Invention, 
" Embodiment 1, Embodiment 2, Embodiment 3-1 and 
Embodiment 3-2. 
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tt goes without saying that the color recording units 
of the Invention ar not simply defined by whether the 
print heads are constructed as separate laments for 
different colors or combined into a one-piece element 
In addition, they are not simply defined by the construc- 
tion, configuration or mounting position of the color filter. 
Needless to say, they are not simply defined by transport 
mechanisms or movement mechanisms used in the 
color recording units. 

Accordingly, the color recording units of the inven- 
tion are not limited to specific embodiments which are 
described below. 

A first construction of a color recording unit of the 
invention comprises entire original image illuminating 
means for projecting light on the whole of an original to 
obtain its optical image, optical means for focusing the 
optical image of the original obtained by the entire orig- 
inal Image illuminating means, a light control plate hav- 
ing a slit for controlling a light transmitting area which 
allows a portion of the optical Image of the original fo- 
cused by the optical means to pass through, a color filter 
which serves as color separation means suitable for 
colors of the original image, and print heads which eject 
bursts of inks when exposed to light, the print heads be- 
ing provided with means for feeding colored inks com- 
patible with colors of the color filter. 

FIG. 11 is a diagram showing one embodiment of 
the first construction of the color recording unit of the 
invention. 

As shown in FIG. 1 1 . this embodiment is construct- 
ed in such a way that three linear print heads 18 having 
widths corresponding to the printing width of recording 
paper 1 0 are horizontally arranged side by side, wherein 
yellow (Y). magenta (M) and cyan (C) inks are supplied 
to the individual print heads 18. 

A recording sequence begins with activation of a 
yellow print head 18-1 (i.e., the print head 18 to which 
yellow ink is supplied), in which a whole original image 
is illuminated as the entire original image illuminating 
means 19 projects light on the original 16 at first The 
whole original image illuminated by the entire original 
image illuminating means 1 9 is focused by the optical 
means 17 and entirely projected on the light control plate 
20 through a yellow portion of the color filter 32. The 
original image projected on the light control plate 20 is 
further projected on the yellow print head 18-1 , wherein 
the light transmitting area Is determined by the slit width 
of the light control plate 20. A power source 3 applies a 
voltage set to a proper level between the yellow print 
head 18-1 and a facing electrode 1 , and projected light 
intensity is set to an appropriate level. The yellow print 
head 18-1 causes only such portion of yellow ink that 
exists in its illuminated area, which corresponds to the 
original image, to be ejected by the aforementioned print 
head Ink squirting process. Part of the original image is 
reproduced as th recording paper 10 is advanced by 
paper feeding means 11 to the underside of the print 
head 18 and the yellow ink is absorbed by and fixes t 



one line segment on the recording paper 10, wherein 
the width of the line s gment corresponds to the slit 
width of the light control plate 20. At this point the volt- 
ag which has been applied betwe n the y How print 

5 head 18-1 and the facing electrode 1 is eliminated. 

Next, the yellow print head 18-1 is moved in the di- 
rection of an arrow 33, and a magenta print head 18-2 
(i.e., the print head 18 to which magenta ink is supplied) 
is moved up to the location of the light control plate 20 

10 without moving the recording paper 10. The color filter 
32 is then rotated in the direction of an arrow 35 50 that 
its magenta portion matches the location of the magenta 
print head 18-2. The power source 3 applies a voltage 
between the magenta print head 18-2 and the facing 

is electrode 1. This causes only such portion of magenta 
ink that exists in an illuminated area, which corresponds 
to the original image, to be ejected according to the 
aforementioned recording sequence. Part of the original 
image is reproduced as the magenta ink Is absorbed by 

20 and fixes to the one line segment on the recording paper 
10, wherein the width of the line segment corresponds 
to the slit width of the light control plate 20. At this point, 
the voltage which has been applied between the ma- 
genta print head 1 8-2 and the facing electrode 1 is elim- 

2S inated. 

Next, the magenta print head 18-2 is moved in the 
direction of the arrow 33, and a cyan print head 1 8-3 (i. 
e., the print head 18 to which cyan ink is supplied) is 
moved up to the location of the light control plate 20 with- 
30 out moving the recording paper 1 0. The color filter 32 is 
then rotated in the direction of the arrow 35 so that its 
cyan portion matches the location of the cyan print head 
18-3. The power source 3 applies a voltage between the 
cyan print head 18-3 and the facing electrode 1. This 
3S causes only such portion of cyan ink that exists in an 
illuminated area, which corresponds to the original im- 
age, to be ejected according to the aforementioned re- 
cording sequence. Part of the original image is repro- 
duced as the cyan ink is absorbed by and fixes to the 
40 one line segment on the recording paper 10, wherein 
the width of the line segment corresponds to the slit 
width of the light control plate 20. At this point, the volt- 
age which has been applied between the cyan print 
head 18-3 and the facing electrode 1 is eliminated. 
45 Then, the paper feeding means 1 1 advances the re- 
cording paper 1 0 in the direction of the arrow 33 as much 
as the width of each successive line segment. Also, the 
print heads 1 8 are moved in the direction of an arrow 34 
to bring the yellow print head 18-1 back to its home po- 
se sition, and the color filter 32 Is rotated in the direction of 
the arrow 35 to return the yellow portion of the color filter 
32 to its Initial position. Subsequently, the power source 
3 reapplies the voltage between the yelbw print head 
18-1 and the facing electrode 1 and the above-de- 
55 scribed process is repeated until the entire color image 
of th original 16 is r produced on th recording paper 
10. Finally, the voltage which has b en applied to th 
print heads 18 is eliminated, and th print heads 18 are 
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driven in the direction of the arrow 33 to bring them back 
to their home positions. 

Although three kinds of inks are used in this embod- 
iment, full-color, high-resolution text outputs and repro- 
duction of graphics images with unlimited colors are ob- 
tainable by increasing the number of print heads 18 and 
feeding multiple colored inks to them, and increasing the 
number of color portions of the color filter 32 in accord- 
ance with the number of inks. 

Furthermore, although the foregoing discussion of 
the embodiment has dealt with a recording method in 
which the print heads 18 are moved each time a yellow, 
magenta or cyan line segment is reproduced on the re- 
cording paper 10, the embodiment may of course be 
modified in such a way that complete images in yellow, 
magenta and cyan are reproduced in a successive or- 
der. 

Moreover, the color filter 32 can perform its function 
no matter where it is located after an optical image of 
the original has been obtained until the color filter 32 is 
brought up to the location of each print head. Therefore, 
the color recording unit of the invention is not limited to 
specific locations of the color filter. The configuration 
and construction of the color filter are not limited to what 
has been described in this embodiment either. 

These remarks apply to the following embodiments 
as well. 

A second construction of a color recording unit of 
the invention comprises slitlike original image illuminat- 
ing means for projecting light on a slitlike portion of an 
original to obtain its optical image, optical means for fo- 
cusing the optical image of the original obtained by the 
slitlike original image illuminating means, a cobr filter 
which serves as color separation means suitable for 
colors of the original image, and print heads which eject 
bursts of inks when exposed to light, the print heads be- 
ing provided with means for feeding colored inks com- 
patible with colors of the color filter. 

FIG. 12 is a diagram showing one embodiment of 
the second construction of the color recording unit of the 
invention. 

As shown in FIG. 12, this embodiment is construct- 
ed in such a way that three linear print heads 18 having 
width corresponding to the printing width of recording 
paper 1 0 are horizontally arranged side by side, wherein 
yellow (Y). magenta (M) and cyan (C) inks are supplied 
to the individual print heads 18. 

A recording sequence begins with activation of a 
yellow print head 18-1, in which a slitlike portion of an 
original image is illuminated as the siftlike original image 
illuminating means 23 projects light on the original 16 at 
first. The slitlike portion of the original image illuminated 
by the slitlike original image illuminating means 23 pass- 
es through a yellow portion of the color filter 32 and is 
focused by the optical means 17 and projected on the 
yellow print head 1 8-1 . A power source 3 applies a volt- 
ag s t to a proper level between the yellow print head 
16-1 and a facing electrode 1 , and projected light inten- 



sity is set to an appropriate level. Th y llow print head 
18-1 causes only such portion of yellow ink that exists 
in its illuminated area, which corresponds to the original 
imag , to be ejected by the aforementioned print head 

5 ink squirting process. Part of the original image is repro- 
duced as the recording paper 10 is advanced by paper 
feeding means 11 to the underside of the print head 18 
and the yellow ink is absorbed by and fixes to one line 
segment on the recording paper 10, wherein the width 

10 of the line segment corresponds to the slit width of a light 
source of the slitlike original image illuminating means 
23. At this point, the voltage which has been applied be- 
tween the yellow print head 18-1 and the facing elec- 
trode 1 is eliminated. 

is Next, the yellow print head 1 8-1 is moved in the di- 
rection of an arrow 36, and a magenta print head 1 8-2 
is moved up to the location of the optical means 17 with- 
out moving the recording paper 10. The color filter 32 is 
then rotated in the direction of an arrow 38 so that its 

20 magenta portion matches the location of the magenta 
print head 18-2. The power source 3 applies a voltage 
between the magenta print head 18-2 and the facing 
electrode 1. This causes only such portion of magenta 
ink that exists in an illuminated area, which corresponds 

25 to tho original image, to be ejected according to the 
aforementioned recording sequence. Part of the original 
image is reproduced as the magenta ink is absorbed by 
and fixes to the one line segment on the recording paper 
10, wherein the width of the line segment corresponds 

30 to the slit width of the light source of the slitlike original 
image illuminating means 23. At this point, the voltage 
which has been applied between the magenta print 
head 18-2 and the facing electrode 1 is eliminated. 
Next, the magenta print head 18-2 is moved in the 

35 direction of the arrow 36, and a cyan print head 1 8-3 is 
moved up to the location of the optical means 17 without 
movingthe recording paper 10. The color filter 32 Is then 
rotated in the direction of the arrow 38 50 that its cyan 
portion matches the location of the cyan print head 1 8-3. 

ao The power source 3 applies a voltage between the cyan 
print head 1 8-3 and the facing electrode 1 . This causes 
only such portion of cyan ink that exists in an illuminated 
area, which corresponds to the original image, to be 
ejected according to the aforementioned recording se- 

45 quence. Part of the original image is reproduced as the 
cyan ink is absorbed by and fixes to the one line seg- 
ment on the recording paper 10, wherein the width of 
the line segment corresponds to the slit width of the light 
source of the slitlike original image illuminating means 

so 23. At this point the voltage which has been applied be- 
tween the magenta print head 1 8-2 and the facing elec- 
trode 1 is eliminated. 

Then, the paper feeding means 1 1 advances the re- 
cording paper 1 0 in the direction of the arrow 36 as much 

ss as the width of each successive line segment. Also, the 
original 16 is moved in the direction of th arrow 36 a 
much as the width of each line segment Further, th 
print heads 1 8 are moved in the direction of an arrow 37 
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to bring the yellow print head 18-1 back to its home po- 
sition, and the color filter 32 is rotated in the direction of 
the arrow 38 to return the yellow portion of th color filter 
32 to its initial position. Subsequently, the power source 
3 reapplies the voltage between the yellow print head 
18-1 and the facing electrode 1 and the above-de- 
scribed process is repeated until the entire color image 
of the original 16 is reproduced on the recording paper 
10. Finally, the voltage which has been applied to the 
print heads 1 8 is eliminated, and the print heads 18 are 
driven in the direction of the arrow 36 to bring them back 
to their home positions. 

Although three kinds of inks are used in this embod- 
iment, full-color, high-resolution text outputs and repro- 
duction of graphics images with unlimited colors are ob- 
tainable by increasing the number of print heads 18 and 
feeding multiple colored inks to them, and increasing the 
number of color portions of the color filter 32 in accord- 
ance with the number of inks. 

Furthermore, although the foregoing discussion of 
the embodiment has dealt with a recording method in 
which the print heads 18 are moved each time a yellow, 
magenta or cyan line segment is reproduced on the re- 
cording paper 10, the embodiment may of course be 
modified in such a way that complete images in yellow, 
magenta and cyan are reproduced in a successive or- 
der. 

A third construction of a color recording unit of the 
invention comprises entire original image illuminating 
means for projecting light on the whole of an original to 
obtain its optical image, optical means for focusing the 
optical image of the original obtained by the entire orig- 
inal image illuminating means, a color filter/light control 
plate having slits for controlling light transmitting areas 
which allow portions of the optical image of the original 
focused by the optical means to pass through as well as 
color filters formed in the slits to provide color separation 
means suitable for colors of the original image, and print 
heads which eject bursts of inks when exposed to light, 
the print heads being provided with means for feeding 
colored inks compatible with colors of the individual 
color filters. 

FIG. 13 is a diagram showing one embodiment of 
the third construction of the color recording unit of the 
invention. 

As shown in FIG. 13. this embodiment is construct- 
ed in such a way that three linear print heads 18 having 
widths corresponding to the printing width of recording 
paper 1 0 are horizontally arranged side by side, wherein 
yellow (Y), magenta (N) and cyan (C) inks are supplied 
to the individual print heads 16. 

A recording sequence begins with activation of a 
yellow print head 18-1, in which a whole original image 
is illuminated as the entire original image illuminating 
means 19 projects light on the original 16 at first. The 
whole original image illuminated by the entire original 
image illuminating means 19 is focused by the optical 
means 17 and entirely projected on the color filter/light 



control plate 39. Th original imag projected on the 
color filter/light control plate 39 is further projected on 
the yellow print head 18-1 through a yellow color filter 
portion, wherein a light transmitting area is determined 

s by the slit width ol the color filter/light control plate 39. 
A power source 3 applies a voltage set to a proper level 
between the yellow print head 18-1 and a facing elec- 
trode 1 , and projected light intensity is set to an appro- 
priate level. The yellow print head 18-1 causes only such 

10 portion of yellow ink that exists in fts illuminated area, 
which corresponds to the original image, to be ejected 
by the aforementioned print head ink squirting process. 
Part of the original image is reproduced as the recording 
paper 10 is advanced by paper feeding means 11 to the 

is underside of the print head 1 8 and the yel tow ink is ab- 
sorbed by and fixes to one line segment on the recording 
paper 10. wherein the width of the line segment corre- 
sponds to the slit width of the color filter/light control 
plate 39. At this point, the voltage which has been ap- 

20 plied between the yellow print head 1 8-1 and the facing 
electrode 1 is eliminated. 

Next, the yellow print head 18-1 is moved in the di- 
rection of an arrow 40, and a magenta print head 18-2 
and the color filter/light control plate 39 are moved in the 

25 direction of the arrow 40 without moving the recording 
paper 10. Amagenta color filter portion of the color filter/ 
light control plate 39 is then moved to a location just 
above the magenta print head 18-2. The power source 
3 applies a voltage between the magenta print head 

30 1 8-2 and the facing electrode 1 . This causes only such 
portion of magenta ink that exists in an illuminated area, 
which corresponds to the original image, to be ejected 
according to the aforementioned recording sequence. 
Part of the original image is reproduced as the magenta 

35 ink is absorbed by and fixes to the one line segment on 
the recording paper 1 0, wherein the width of the line seg- 
ment corresponds to the slit width of the color filter/light 
control plate 39. At this point, the voltage which has 
been applied between the magenta print head 18-2 and 

40 the lacing electrode 1 is eliminated. 

Next, the magenta print head 18-2 is moved in the 
cfirection of the arrow 40, and a cyan print head 18-3 
and the color filter/light control plate 39 are moved in the 
direction of the arrow 40 without moving the recording 

45 paper 10. A cyan color filter portion of the color filter/light 
control plate 39 is then moved to a location just above 
the cyan print head 1 8-3. The power source 3 applies a 
voltage between the cyan print head 1 8-3 and the facing 
electrode 1. This causes only such portion of cyan ink 

50 that exists in an illuminated area, which corresponds to 
the original image, to be ejected according to the afore- 
mentioned recording sequence. Part of the original im- 
age is reproduced as the cyan ink is absorbed by and 
fixes to the one line segment on the recording paper 10, 

55 wherein the width of the line segment corresponds to 
th slit width of the color filter/light control plate 39. At 
this point the voltage which has been applied between 
the cyan print head 18-3 and the facing electrod 1 is 
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eliminated. 

Then, the paper feeding means 11 advances the re- 
cording paper 1 0 in the direction of the arrow 40 as much 
as the width of each successive line segment. Also, the 
print heads 1 8 are moved in the direction of an arrow 41 
to bring the yellow print head 1 8-1 back to its home po- 
sition, and the color filter/light control plate 39 is moved 
in the direction of the arrow 41 to return the yellow color 
filter portion to its initial position. Subsequently, the pow- 
er source 3 reapplies the voltage between the yellow 
print head 18-1 and the facing electrode 1 and the 
above-described process is repeated until the entire 
color image of the original 16 is reproduced on the re- 
cording paper 10. Finally, the voltage which has been 
applied to the print heads 18 is eliminated, and the print 
heads 18 are driven in the direction of the arrow 41 to 
bring them back to their home positions. 

Although three kinds of inks are used in this embod- 
iment, full-color, high-resolution text outputs and repro- 
duction of graphics images with unlimited colors are ob- 
tainable by increasing the number of print heads 1 8 and 
feeding multiple colored inks to them, and increasing the 
number of color filters provided in the color fitter/light 
control plate 39 in accordance with the number of inks. 

Furthermore, although the foregoing discussion of 
the embodiment has dealt with a recording method in 
which the print heads 1 8 are moved each time a yellow, 
magenta or cyan line segment is reproduced on the re- 
cording paper 10, the embodiment may of course be 
modified in such a way that complete images in yellow, 
magenta and cyan are reproduced in a successive or- 
der 

Again, the construction, configuration and mounting 
position of the color filter/light control plate 39 are not 
limited to what has been described in this embodiment 
For example, the construction employed in Embodiment 
4-1 or Embodiment 4-2 may be applied to the color fitter/ 
light control plate 39. Conversely, the construction of the 
color filter/light control plate of this embodiment may be 
applied to the color fitter of Embodiment 4-1 or Embod- 
iment 4-2. 

A fourth construction of a color recording unit of the 
invention comprises entire original image illuminating 
means for projecting light on the whole of an original to 
obtain its optical image, optical means for focusing the 
optical image of the original obtained by the entire orig- 
inal image illuminating means, a color filter/light control 
plate having slits for controlling light transmitting areas 
which allow portions of the optical image of the original 
focused by the optical means to pass through as well as 
color fitters formed in the slits to provide color separation 
means suitable for colors of the original image, and a 
print head which ejects bursts of inks when exposed to 
light, the print head being divided into a plurality of seg- 
ments which are provided with means for feeding color- 
ed inks compatibl with colors of the individual color fil- 
ters. 

FIG. 14 is a diagram showing on embodiment of 



the fourth construction of the color recording unit of the 
invention. 

Referring to FIG. 14, the print head 18 is divided 
into a plurality of segments, wherein yel tow (Y), magen- 

s ta (M) and cyan (C) inks are supplied to the individual 
segments of the print head 18. 

A recording sequence begins with activation of print 
head 18, in which a whole original image is illuminated 
as the entire original image illuminating means 19 

10 projects light on the original 1 6 at first The whole orig- 
inal image illuminated by the entire original image illu- 
minating means 1 9 is focused by the optical means 17 
and entirely projected on the color filter/light control 
plate 39. The original image projected on the color filter/ 

is light control plate 39 is further projected on the yellow 
print head 18-1 through a yellow color titter portion, 
wherein a light transmitting area is determined by the 
slit width of the color filter/light control plate 39. The orig- 
inal image projected on the color fitter/light control plate 

20 39 is further projected on a yellow segment of the print 
head 18 through a yellow color filter portion, wherein a 
light transmitting area is determined by the slit width of 
the color filter/light control plate 39. A power source 3 
applies a voltage set to a proper level between the print 

25 head 18 and a facing electrode 1, and projected light 
intensity is set to an appropriate level The yellow seg- 
ment of the print head 18 causes only such portion of 
yellow ink that exists in its illuminated area, which cor- 
responds to the original image, to be ejected by the 

30 aforementioned print head ink squirting process. Part of 
the original image is reproduced as recording paper 10 
is advanced by paperfeeding means 1 1 to the underside 
of the print head 18 and the yellow ink in a region cor- 
responding to the slit width of the color filter/light control 

ss plate 39 is absorbed by and fixes to the recording paper 
10. 

On the other hand, a magenta segment of the print 
head 18 causes only such portion of magenta ink that 
exists in the illuminated area, which corresponds to the 

40 original image, to be ejected according to the above-de- 
scribed recording sequence with the same timing. Part 
of the original image is reproduced as the magenta ink 
in a region corresponding to the slit width of the color 
filter/light control plate 39 is absorbed by and fixes to 

<s the recording paper 10. 

Also, a cyan segment of the print head 18 causes 
only such portion of cyan ink that exists in the illuminated 
area, which corresponds to the original image, to be 
ejected according to the above-described recording se- 

so quence with the same timing. Part of the original image 
is reproduced as the cyan ink in a region corresponding 
to the slit width of the color filter/light control plate 39 is 
absorbed by and fixes to the recording paper 10. At this 
point the voltage which has been applied between the 

ss print head 18 and the facing electrode 1 is eliminated. 
Subsequently, the print head 18 is moved in th di- 
rection of an arrow 42, and the power source 3 applies 
the voltage to the print head 18. Part of the original im- 
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age is reproduced as the individual inks ejected from the 
yellow segment, the magenta segment and the cyan 
segment of the print head 1 8 are absorbed by and fix to 
individual line segments of which width corresponds to 
the slit width of the color filter/light control plate 39 ac- s 
cording to the above-described recording sequence. At 
this point, the voltage which has been applied between 
the print head 18 and the facing electrode 1 is eliminat- 
ed. 

Then, the paper feeding means 11 moves the re- 10 
cording paper 10 in the direction of an arrow 43 as much 
as the width of each successive line segment which cor- 
responds the slit width of the color filter/light control 
plate 39. Further, the print head 18 is returned to its 
home position. Subsequently, the power source 3 reap- 1$ 
plies the voltage between the print head 1 8 and the fac- 
ing electrode 1 and the above-described process is re- 
peated until the entire color image of the original 16 is 
reproduced on the recording paper 10. Finally, the volt- 
age which has been applied to the print head 1 8 is elim- 20 
inated, and the print head 1 8 is returned to its home po- 
sition. 

Although three kinds of inks are used in this embod- 
iment, full-color, high-resolution text outputs and repro- 
duction of graphics images with unlimited colors are ob- 2s 
tainable by increasing the number of segments of the 
print head 1 8 and feeding multiple colored inks to them, 
and increasing the number of color filter portions provid- 
ed in the color filter/light control plate 39 in accordance 
with the number of inks. 30 

Although the length of the print head is made short- 
er than the printable width in this embodiment, the length 
of the print head may of course be matched with the 
printable width. In this case, it becomes unnecessary to 
move the print head in a primary scanning direction (di- 
rection of the arrow 42). 

FIG. 15 is a diagram showing one embodiment of a 
construction of a recording system employing a record- 
ing unit of the invention described in the foregoing Em- 
bodiment 1 to Embodiment 4. 40 

Referring to FIG. 15, the recording system 44 illu- 
minates original image pixels 49 in a recording unit 45 
when an original 16 is inserted. Then, ink 54 corre- 
sponding to the original image pixels 49 is squirted from 
the recording unit 45 in the direction of an arrow, and 45 
the orighal 16 is reproduced as the ink 54 attaches to 
and is absorbed by recording paper 10. The ink 54 is 
squirted in synchronism with the recording paper 10 by 
transmitting a recording paper control signal 52 from a 
controller 46 to paper feeding means 1 1 . The controller so 
46 sets a voltage value 50 of a power source 3 and the 
power source 3 supplies a resultant voltage 51 to the 
recording unit 45. 

Signals such as a drive signal 57 for driving a light 
control plate, optical means, color filters and soon which ss 
are not illustrated but contained in the recording unit 45, 
a light control signal 55 for controlling the intensity and 
pulse width of light projected by a light source which il- 



luminates the original 16, and an optical sensing control 
signal 56 for controlling optical detection of th focused 
original image pixels 49 are output under the control of 
the controller 46, whereby a dot pattern formed by the 
ink 54 that is reproduced on the recording paper 10 is 
controlled. 

This embodiment features, in addition to the con- 
struction of the recording system for reproducing the 
original 1 6, a function as a color printer, in which an ex- 
ternal device 48 capable of transmitting image pixels en- 
ters image data 58 to the recording unit 45, and an im- 
age processing circuit 47 performs image corrections 
and pattern recognition, converts data on the individual 
pixels and outputs image pixel data 59. The image pixel 
data 59 is transmitted to the recording unit 45 in syn- 
chronism with a trigger signal 53 fed from the controller 
46. As a result, the ink 54 is squirted from the recording 
unit 45 in accordance with the image pixel data 59, and 
an image is reproduced and transferred as the ink 54 
attaches to and is absorbed by recording paper 10. 

Although the function as the printer is included in 
the construction of this embodiment, it is needless to say 
that the printer function is not absolutely required. 

By carrying out the aforementioned process, the re- 
cording system 44 of this invention can produce high- 
resolution, high-quality printouts at a high speed on re- 
cording media of arbitrary forms without mechanical 
contact. 

As described above, a recording unit of the inven- 
tion comprises original image illuminating means for 
projecting light on an original to obtain its optical image, 
optical means, and a print head which ejects a burst of 
ink when exposed to light. This construction produces 
the following effect 

(1 ) Since the light corresponding to the original im- 
age is projected on the print head by the original 
image illuminating means in this construction, the 
recording process is of a non-contact type and ca- 
pable of high-speed processing. 

A recording unit of another construction com- 
prises entire original image illuminating means for 
projecting light on the whole of an original to obtain 
its optical image, optical means for focusing the op- 
tical image of the original obtained by the entire orig- 
inal image illuminating means, a light control plate 
having a silt for controlling a light transmitting area 
which allows a portion of the optical image of the 
original focused by the optical means to pass 
through, and a print head which ejects a burst of ink 
when exposed to light. This construction produces 
the following effects. 

(2) The slit formed in the light control plate permits 
control the amount of light projected on the print 
head, also enabling stabilized and high-speed 
squirting of the ink from the print h ad. 

(3) Since the light can b projected on the whole of 
the original and the light control plate suitabl for 
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th area of the original image can be used in this 
construction, the original is not limited rn its physical 
size. 

A recording unit of another construction com- 
prises slitlike original image illuminating means for & 
projecting light on a slitlike portion of an original to 
obtain its optical image, optical means for focusing 
the optical image of the original obtained by the slit- 
like original image illuminating means, and a print 
head which ejects a burst of ink when exposed to 10 
light. This construction produces the following ef- 
fect. 

(4) The use of a sifted light source as the means 
for illuminating the original produces a high-resolu- 
tion original image to be projected on the print head, « 
making it possible to reproduce the original image 

on recording paper with high definition. 

A recording unit of another construction com- 
prises original image illuminating means for project- 
ing light on an original to obtain its optical image, 20 
optical means for focusing the optical image of the 
original obtained by the original image illuminating 
means, optical sensing means for detecting the op- 
tical image of the original focused by the optical 
means and performing photoelectric conversion, 2S 
light projecting means for projecting light based on 
an output signal of the optical sensing means, and 
a print head which ejects a burst of ink in accord- 
ance with the light projected by the light projecting 
meana This construction produces the following ef- 30 
fects. 

(5) Since the projection of light onto the print head 
is made based on an electric signal, high-speed and 
high-resolution image reproduction can be 
achieved 35 

(6) The optical system can be made compact and 
lightweight as its construction is simplified. 

A recording unit of another construction com- 
prises entire original image illuminating means for 
projecting light on the whole of an original to obtain 40 
its optical image, optical means for focusing the op- 
tical image of the original obtained by the entire orig- 
inal image illuminating means, a light control plate 
having a slit for controlling a light transmitting area 
which allows a portion ot the optical image of the & 
original focused by the optical means to pass 
through, optical sensing means for detecting inci- 
dent light from the light control plate and performing 
photoelectric conversion, light projecting means for 
projecting light based on an output signal of the op- *> 
tical sensing means, and a print head which ejects 
a burst of ink in accordance with the light projected 
by the light projecting means. This construction pro- 
duces the following effect. 

(7) Since the light is projected on the whole of the 
original and original image data is converted into an 

lectric signal by the optical sensing means, it is 
possible to reproduce the original on recording pa- 



per using image pixel data obtained through image 
processing of the original image data. 

A recording unit of another construction com- 
prises slitlike original image illuminating means for 
projecting light on a slitlike portion of an original to 
obtain its optical image, optical means for focusing 
the optical image of the original obtained by the slit- 
like original image illuminating means, optical sens- 
ing means for detecting the optical image of the 
original focused by the optical means and perform- 
ing photoelectric conversion, light projecting means 
for projecting light based on an output signal of the 
optical sensing means, and a print head which 
ejects a burst of ink in accordance with the light pro- 
jected by the light projecting means. This construc- 
tion produces the following effect. 

(8) Since the light is projected on the slitlike portion 
of the original and original image data is converted 
into an electric signal by the optical sensing means, 
it is possible to reproduce the original on recording 
paper with high resolution. 

A recording unit of another construction com- 
prises original image illuminating means for project- 
ing light on an original to obtain its optical image, 
optical means for focusing the optical imago of the 
original obtained by the original image illuminating 
means, a color filter suitable for colors of the original 
image, and print heads which eject bursts of inks 
when exposed to light, the print heads being provid- 
ed with means for feeding colored inks compatible 
with colors of the color filter. This construction pro- 
duces the following effect 

(9) This construction permits provision of a plurality 
of print heads, and inks suitable for the original may 
be supplied to the individual print heads. This re- 
moves limitations on the number of colors and en- 
ables f ull-color image reproduction with high defini- 
tion. 

A recording unit of another construction com- 
prises entire original image illuminating means for 
projecting light on the whole of an original to obtain 
its optical image, optical means for focusing the op- 
tical image of the original obtained by the entire orig- 
inal image illuminating means, a light control plate 
having a slit for controlling a light transmitting area 
which allows a portion of the optical image of the 
original focused by the optical means to pass 
through, a color filter which serves as color separa- 
tion means suitable for colors of the original image, 
and print heads which eject bursts of inks when ex- 
posed to light, the print heads being provided with 
means for leading colored inks compatible with 
colors of the color filter. This construction produces 
the following effect 

(10) Since the light can be projected on the whole 
of the original and the light control plate suitable f r 
th area of the original image can be used in this 
construction, full-color, high-definition Image repro- 
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ductbn is possible with no limitations on the physi- 
cal size of the original. 

A recording unit of another construction com- 
prises entir original image illuminating means for 
projecting light on the whole of an original to obtain s 
its optical image, optical means for focusing the op- 
tical image of the original obtained by the entire orig- 
inal image illuminating means, a color filter/light 
control plate having slits for controlling light trans- 
mitting areas which allow portions of the optical im- io 
age of the original focused by the optical means to 
pass through as well as color filters formed in the 
slits suitable for colors of the original image, and 
print heads which eject bursts of inks when exposed 
to light, the print heads being provided with means is 
for feeding colored inks compatible with colors of 
the individual color filters. This construction produc- 
es the following effect 

(11) The use of the color filter/light control plate in 
which a light control plate and color filters are into- 20 
grated makes it possible to achieve a compact sys- 
tem configuration at reduced costs. 

A recording unit of another construction com- 
prises siitfike original image illuminating means for 
projecting light on a slitliko portion of an original to 25 
obtain its optical image, optical means for focusing 
the optical image of the original obtained by the slit- 
like original image illuminating means, a color filter 
which serves as color separation means suitable for 
colors of the original image, and print heads which 30 
eject bursts of inks when exposed to light the print 
heads being provided with means for feeding color- 
ed inks compatible with colors of the color filter. This 
construction produces the following effect 

(1 2) The light can be projected on the slitlike portion 55 
of the original so that an original image is projected 
onto the print heads with high resolution. It is there- 
fore possible to produce full-color image reproduc- 
tion on recording paper with high definition. 

A recording unit of another construction com- *o 
prises entire original image illuminating means for 
projecting light on the whole of an original to obtain 
its optical image, optical means for focusing the op- 
tical image of the original obtained by the entire orig- 
inal image illuminating means, a color filter/light 
control plate having slits for controlling light trans- 
mitting areas which allow portions of the optical im- 
age of the original focused by the optical means to 
pass through as well as color filters formed in the 
slits suitable for colors of the original image, and a £0 
print head which ejects bursts of inks wh en exposed 
to light, the print head being divided into a plurality 
of segments which are provided with means for 
feeding colored inks compatible with colors of the 
individual color filters. This construction produces &s 
th following effect 

(13) By dividing the print head into s parate s g- 
ments and f eding inks suitable for the original, the 



construction of the color print head can be made 
compact and its production costs can be reduced. 

One construction of a print head and a t xt/ 
graphics printing unit incorporated in a recording 
unit comprises a transparent electrode formed on a 
transparent substrate, a photoconductive film 
formed on the transparent electrode, means for 
feeding ink onto the photoconductive film and a fac- 
ing electrode which are arranged in this order, 
wherein themeansforfeeding the ink and the facing 
electrode are located with a sufficient clearance 
therebetween to allow recording paper to be insert- 
ed. The construction further comprises a power 
source for applying a voltage between the transpar- 
ent electrode and the facing electrode. This con- 
struction produces the following effect 

(14) The amount of electric charge accumulated in 
the ink on the prim head can be altered by control- 
ling input light energy from the original image illu- 
minating means. This makes it possible to increase 
the ink squirting speed and vary it depending on the 
type of recording medium. 

Another construction of a print head and a text/ 
graphics printing unit incorporated in a recording 
unit comprises a transparent electrode formed on a 
transparent substrate, a photoconductive film 
formed on the transparent electrode, means for 
feeding ink onto the photoconductive film, a slit 
plate having a slit for controlling a burst of ink and 
a facing electrode which are arranged in this order, 
wherein the means for feeding the ink and the facing 
electrode are located with a sufficient clearance 
therebetween to allow recording paper to be insert- 
ed. The construction further comprises a power 
source for applying a voltage between the transpar- 
ent electrode and the facing electrode. This con- 
struction produces the following effects. 

(15) Nozzles are not required for individual pixels of 
an image in the print head or in the text/graphics 
printing unit. A slit structure formed by the slit plate 
provides high resolution and low production costs 
and facilitates cleaning after ejection of the ink. 

(16) Provision of the slit plate helps control the ink 
squirting direction and stabilize the amount of 
squirted ink and squirting speed depending on the 
distance between the slit plate and the recording 
paper. It is also possible to increase ink concentrat- 
ing efficiency and reduce energy required for pro- 
ducing bursts of the ink by further controlling the 
curvature of the ink meniscus. 

Another construction of a print head and a text/ 
graphics printing unit incorporated in a recording 
unit comprises a transparent electrode formed on a 
transparent substrate, a photoconductive film 
mounted on the transparent electrode, the photo- 
conductiv film having a projection formed of a wall 
for controlling a burst of ink, means for f eding ink 
into the projection on the photoconductive film, and 
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a facing electrode which are arranged in this order, 
wherein the means for feeding the ink and the facing 
electrod are located with a sufficient clearance 
therebetween to allow recording paper to be insert- 
ed. The construction further comprises a power * 
source for applying a voltage between the transpar- 
ent electrode and the facing electrode This con- 
struction produces the following effect. 

(1 7) Formed on the photoconductive film as a pro- 
jecting part, the wall performs the function of the 10 
earlier-mentioned silt plate. By controlling the 
amount of squirted ink, the wall serves to provide 
high resolution and low production costs. 

In still another construction of a print head and 
a text/graphics printing unit incorporated in a re- w 
cording unit, the print head comprises ink acceler- 
ating means tor accelerating squirted ink. This con- 
struction produces the following effects. 

(18) The accelerating means significantly increases 
the ink squirting speed, enabling high-quality, high- 20 
speed image reproduction. 

(1 9) Since the ink can be squirted by the accelerat- 
ing means alone, it is possible to achieve a compact 
system configuration. 

(20) As no voltage is applied to a facing electrode 2S 
located on the back of recording paper, paper feed- 
ing errors caused by an electrostatic force exerted 

by the recording paper can be avoided, and the lev- 
el of torque exerted by paper feeding means can be 
reduced. 30 

(21) Since the print head is formed into a linear 
shape, its printable width can be matched with the 
size of the recording paper and the recording speed 
is remarkably increased, enabling high-speed print- 
ing. 35 

A recording system of one construction com- 
prises one of the aforementioned recording units, 
an image processing circuit which takes in image 
data from an external device and processes it, re- 
cording paper, paper feeding means for feeding the *o 
recording paper into the recording unit, a power 
source, and a controller for controlling the recording 
unit the paper feeding means, the power source 
and the image processing circuit. This construction 
produces the following effects. 

(22) Based on ink-jet technology, it is possible to 
configure a color copying system combining high- 
speed recording capability of the continuous type 
and compactness of the on-demand type in which 
the amount of squirted ink supply is controlled by a so 
recordhg unit. 

(23) It is possible to achieve high resolution compa- 
rable to the electrophotographic technology by us- 
ing the ink-jet technology in color copying applica- 
tion, ss 

(24) System configuration for th color copying ap- 
plication can be made simple and in expen iv com- 
pared to th electrophotographic technology. 



The aforegoing description has been given by way 
of example only and it will be appreciated by a person 
skilled in the art that modifications can be mad without 
departing from th scop of the present invention. 



Claims 

1. A recording unit comprising original image illuminat- 
ing means (1 9, 23) for projecting light on an original 

(16) to form an original image, optical means (17, 
20), and a print head (18) which is such that, when 
an area thereof is exposed to a light beam, ink is 
ejected from that area, wherein said optical means 
guides the light incident from said original image il- 
luminating means onto said print head. 

2. A recording unit according to claim 1, wherein the 
original image illuminating means is arranged to 
project light on the whole of an original to form an 
original image, said optical means (17) is arranged 
to form the original image on a light control plate 
(20) having a slit for providing a light transmitting 
area which allows a portion of the original image fo- 
cused by said optical means to pass through, 
wherein the light which has passed through said 
light control plate is guided onto said print head. 

3. A recording unit according to claim 1, comprising 
elongate original image illuminating means (23) for 
projecting light on a slitlike or elongate portion of an 
original to form an original image, optical means 

(17) for focusing the original image formed by said 
elongate original image illuminating means, where- 
in the light focused by said optical means is guided 
onto said print head 

4w A recording unit according to claim 2, including 
means for relatively moving the elongate illuminat- 
ing means and the original, in synchronisation with 
movement of the print head over recording paper. 

5. A recording unit according to claim 1 , including op- 
tical sensing means (26) for detecting light of the 
original image focused by said optical means and 
performing photoelectric conversion, and light pro- 
jecting means (27) for projecting light based on an 
output signal of said optical sensing means onto 
said print head. 

& Arecording unit according to claim 1, including color 
separation means (32) for separating light from the 
original image or a focused light thereof into differ- 
ent primary colors, and a plurality of print heads 
(18-1 , 2, 3), each of which is such that when print 
heads, an area thereof is xposed to a light beam, 
ink is ejected from that area, said print heads being 
provided with colored inks that correspond to the 
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colors separated by said color separation means, 
wherein individual color portions of light separated 
by said color separation means are guided onto the 
print head having the corresponding colored ink. 

5 

7. A recording unit according to claim 6, wherein said 
color separation means comprises a rotatable color 
filter. 

6. A recording unit according to claim 6, wherein said io 
color separator means comprises a color filter (37) 
having slit portions for projecting part of the original 
image onto said print heads. 

9. A recording unit according to any preceding claim, is 
wh erein the or each print head comprises a layer of 

ink (16) disposed on a photoconductive film (6) 
mounted on a transparent electrode (2) which is ex- 
posed to light. 

20 

10. A recording system comprising at least one of the 
recording units as claimed in any preceding claim, 
including paper feeding means (11) for feeding re- 
cording paper (10) to said recording unit, an image 
processing circuit (47) for processing image data, 25 
and a controller (46) for controlling said recording 
unit, said paper feeding means and said image 
processing circuit. 
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FIG. 8 
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FIG. 12 
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FIG. 13 




30 



EP 0 829 356 A2 
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